show a joint shaping of soil bacterial communities by these two macroorganisms, with a prevalent communities. Using a source-sink approach derived from the meta-community theory 2,3 , we found soils only when both macroorganisms are present. We also evidenced a core network of the plant-2 5 earthworm interaction, with cosmopolitan OTUs correlated both in cast and rhizosphere of all soils.
abundance across soils regardless of their origins rather than species composition. We focused on control bulk matrix (z-score) in order to build correlation matrices for each microhabitat. We then commonly found in cast and rhizosphere matrices, but absent in the bulk (see material and 1 0 6 methods). We found a cast and rhizosphere-specific network representing OTUs whose 1 0 7 standardized abundance was significantly modulated by plant-earthworm interaction (Fig.3b ).
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Similarly to the Venn diagram (Fig.2) , this network was characterized by a phylogenetic signal in 1 0 9 6 favor of Actinobacteria and Alphaproteobacteria. The network was organized in three groups based core microbiota specific to a given host 4,5 , we expanded this concept to the interaction between 1 1 4 plant and earthworms via OTU correlations, evidencing a core network that enables the description 1 1 5
of multiple-macroorganisms shaping of bacterial communities.
Moreover, going beyond mere taxonomy, our qPCR results show that the outcome of this
interaction may affect other microbial domains. Indeed, the simultaneous presence of earthworms
and plants resulted in microbial abundance increase in microhabitats relative to their respective bulk
(z-score, Fig.4 ). This was observed in the loamy and sandy soils for bacteria, but also for fungi in
all soils, and archaea in the sandy soil (Fig.4 , stars above lines), suggesting that their combined
presence have effects going beyond bacteria, impacting the whole microbial community. Moreover,
these increase in microbial abudances linked to macroorganism interaction were more frequent in 1 2 3 the sandy soil (two bacterial, one archaeal, one fungal, n = 4) compared to the loamy (one fungal, n 1 2 4 = 1) and clayed (n = 0) soils, suggesting stronger effects depending on soil type. Additionaly, this 1 2 5
interaction was responsible in creation and/or reinforcement of so-called "hotspots" 1 relative to the 1 2 6 bulk soil (Fig.4 , stars above bars). Likewise, hotspot numbers were soil-dependent, with higher
occurence in the sandy soil (n = 6), compared to the loamy (n = 4) and clayed (n = 2) soils (Fig.4) . Altogether, our result indicated a joint shaping of bacterial communities by plant and systematically present in all soils, as well as ii) a core network commonly shared between cast and 1 3 3
rhizosphere whose modularity was indicative of soil type. The contribution of the plant was always importance was reinforced in the sandy soil. This joint shaping by two macroorganisms also France). Only the first 20cm were sampled, excluding plant debris and roots. Soils were air-dried, pots. The earthworm species Aporrectodea caliginosa was chosen for its endogeic lifestyle. to a total weight of ~1g. Microcosms were incubated in a climatic chamber (S10H, Conviron,
Canada) in the following conditions: 75% air humidity, 18/20°C night/day for a 12h photoperiod at
constant light intensity of 300 µmol photons m-2 s-1, for 28 days. Leaf surface was estimated after days based on the length of the longest leaf. Shoot biomass was measured after drying at 50°C for
48h. Soil was meticulously dismantled to sample distinct microhabitats: rhizospheric soil (thightly
adhering root soil at 70% humidity, recovered from vigorous shaking with distillated water, then influence of roots and eathworms). ii. DNA extraction and qPCR settings
Total microbial genomic DNA was extracted from 250 mg of soil, collected from the different protocol. DNA concentration was quantified using Quant-iT™ dsDNA High-Sensitivity Assay Kit reverse primers (10µM), 2.5µl UltraPure™ DNase/RNase-Free Distilled Water (Applied soil, transformed with log2, and used to build linear models. Normality of the data was assessed treatment and between microhabitats was tested with Student tests (one-sided, two-sample, p < 2 0 5 0.05). The one-sided version of the test was selected as we hypothesized that macroorganisms will
have a positive impact on molecular abundances of soil microorganisms. iii. 16S rRNA gene amplicon sequencing and bioinformatics 2 0 8
Amplicons were generated from purified DNA in TE buffer by LGC Genomics (GmbH, Germany),
respecting the best practices guidelines 26, 27 . In the first step, the bacterial 16S rRNA gene V3-V4
hypervariable region was PCR-amplified using the fusion primers U341F (5'-
CCTACGGGNGGCWGCAG -3') and 785R (5'-GACTACHVGGGTATCTAAKCC -3') 28 . For each sample, the forward and reverse primers had the same 10-nt barcode sequence. PCR was for 15s, 50°C for 30sec and 70°C for 90s, with a final extension at 72°C for 10 min. PCR products 2 1 7
were visualized in 2% agarose gel to verify amplification and size of amplicons (around 500 bp).
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About 20 ng amplicon DNA of each sample were pooled for up to 48 samples carrying different
barcodes, thus two pools of 48 samples were generated (n = 96). The amplicon pools were purified 2 2 0 using AMPure XP beads (Agencourt, Germany), followed by an additional purification on
MinElute columns (Qiagen, Germany). About 100 ng of each purified amplicon DNA pool was MiSeq Reporter software (version 2.5.1.3). Sequence data were analyzed using an in-house 2 2 7 developed Python notebook piping together different bioinformatics tools (available upon request).
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Briefly, sequences were assembled using PEAR 29 with default settings, removing short sequences
and quality checks of the QIIME pipeline 30 . Reference based and de novo chimera detection, as well
as clustering in OTUs were performed using VSEARCH 31 and the Greengenes reference database.
3 1
The identity thresholds were set at 97%. Representative sequences for each OTU were aligned 2 3 2
using PyNAST 32 and a 16S phylogenetic tree was constructed using FastTree to assess sequencing depth and samples were rarefied to 6900 counts. Rarefied OTU matrices and unifrac trees were used to build variance-adjusted weighted and between cast and rhizosphere using only cosmopolitan OTUs strictly found at least in 75% of OTU's origin, using cosmopolitan OTUs found in 75% of biological replicates (3/4) in all three 2 5 2 soils. (Fig.2) . We hypothesized that the sources of bacteria for casts (g) and rhizosphere (h) other microhabitat when both macroorganisms were present (h for g and g for h); 5) the bulk soil soil when both macroorganisms were present (f); 8) the remaining part was specifically attributed to 2 6 0 each microhabitat under interaction context as endemic fractions (g and h). To account for the strong soil effect, OTU abundances in each sample were standardized to their 2 6 3 respective control bulk average and standard deviation without macroorganisms (z-score). We
focused on cosmopolitan OTUs present at least in 50% of samples in each soil (n > 16/32) and used 2 6 5 their standardized abundances to build three correlation networks, one per microhabitat, using 2 6 6 stringent cut-off (Spearman's rho < |0.6|, FDR-adjusted q < 0.05). This resulted in a "bulk network"
(originating from all the standardized bulk samples in earthworm, plant, earthworm/plant treatments 2 6 8 in the three soils, n = 36), a "cast network" (originating from all the standardized cast samples in the 2 6 9 three soils, n = 24), and a "rhizosphere network" (originating from all the standardized rhizosphere 2 7 0 samples in the three soils, n = 24). Hereafter, we intersected the cast and rhizosphere networks to two microhabitats. Last, we removed any bulk interference correlations from the rhizosphere-cast intersected network by subtracting correlations from the bulk network. This network arithmetic was score behavior across the three soils. editing), CMon (sequencing strategy), CMou (sequencing strategy), AS (analytical strategy, data 2
